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1.

1.1

1.2

1.3

SCOPE:

This SAE Aerospace Recommended Practice (ARP) contains methods used to measure the optical
performance of airborne flat panel display (FPD) systems. The methods described are specific to the
direct view, liquid crystal matrix (x-y addressable) display technology used on aircraft flight decks. The
focus of this document is on active matrix, liquid crystal displays (LCD), however, the majority of the
procedures can be applied to other display technologies.

The document covers monochrome and color LCD operation in the transmissive mode within the

visual spectrum [the wavelength range of 380 to 780 nm). These procedures are-a

reflective and tr

Generally, the p1
may be readily iy
environments. T

Purpose:
This document

ARP4256 but i
regulation.

Field of Appliction:

This document
of a product's |
and service/flig
hence the test
unless otherwi

Classes of Tes|

Class 1 - Labo

nsflective displays paying special attention to the source illumindatio

ocedures describe manual single point measurements. The/individ
corporated into automated testing equipment (ATE) or<other autom
his also includes, but is not limited to Fourier scopes and video im3

is intended as a guide toward standard measurement practices in
5 not limited to its requirements. The use of this document is not as

defines three classes of tests. Each class of test is applicable to th
fe [e.g., engineering development (Class 1), production/quality ass
ht readiness (Class_8)]. The test requirements for each of these ph
procedures for each test class may differ. Each procedure in this dg
Se stated.

(S:

FatarylTests - The objective of tests in this class is to verify the desi

Haptable to
n geometry.

ual procedures
ated
ging devices.

support of
5 a basis for legal

e different phases
urance (Class 2),
ases differ and
cument is Class 1

gn of the display
onment or as part

system. Tests

in-this class are most appropriate in an engineering laboratory envi

of a certificatio

n program.

Class 2 - Production/Quality Assurance - The objective of this test class is to verify that every display
has been manufactured or repaired to meet specified requirements. Tests in this class are most

appropriate for

acceptance and/or end item tests.

Class 3 - Maintenance/Flight Readiness - The objective of tests in this class is to verify that display
performance is within acceptable flight limits. Tests in this class are most appropriate for field service

and flight line i

nspection.
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1.3.1 Categories of Test: The test procedures of this document are divided into three categories:

1.3.2

Photometric:

Luminance and Chromaticity

Geometric: Spatial Measurements
Temporal: Time-Based Measurements

Procedure Constraints: The test procedures of this document are designed to be performed under
the following constraint: no internal access to the unit under test is allowed for Class 2 and Class 3

testing.

2. REFERENCES:

2.1

211

21.2

Applicable Do

The following
issue of SAE p
effect on the d
and references
however, supe
obtained.

SAE Publica

AMS 2521B
ARP1874
ARP1782

ARP4067
ARP4101
ARP4256
AS8034

J1330

uments:
ublications form a part of this document to the extent specified her

hte of the purchase order. In the event of conflict between the text
cited herein, the text of this document takes precedence. Nothing
rsedes applicable laws and regulations:titiless a specific exemption

ions: Available from SAE, 400 ommonwealth Drive, Warrendale,

Reflection Reducifng-Coatings for Instrument Glass

Design Objectives’for Electronic Displays for Transport Airc
Photometric_and Colorimetric Measurement Procedures for
View CRT Displays

Design @bjectives for Electronic Displays for Part 23 Aircrat
Flight:.Deck Layout and Facilities

Design Objectives for Liquid Crystal Displays for Part 25 (Tt
Minimum Performance Standard for Airborne Multipurpose
Displays

Photometric Lab Accuracy Guidelines

bin. The latest

ublications shall apply. The applicable issue of other publications shall be the issue in

bf this document
in this document,
has been

PA 15096-0001.

raft
Airborne Direct

t

ansport) Aircraft
Flectronic

ASTM Publications:

19428-2959.

ASTM E 308
ASTM E 145

Measurement of Color

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA

5 Obtaining Colorimetric Data From a Visual Display Unit Using Tristimulus

Colorimeters
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2.1.3 CIE Publications: Available from TLA Lighting Consultants, 7 Pond St., Salem, MA 01970.

214

2.15

2.1.6

Pub. S001
Pub. S002
Pub. 15
Pub. 17.4
Pub. 18.2
Pub. 53

Colorimetric llluminants

Colorimetric Observers

Colorimetry, Supplement 2nd

International Lighting Vocabulary, 4th Edition
The Basis of Physical Photometry

Methods of Characterizing the Performance of Radiometers and Photometers

Pub. 63
Pub. 64
Pub. 69

EIA Publicati
Boulevard, A

EIA PUB #31

The Spectroradiometric Measurement of Light Sources

rlington, VA.

-A and 31 (Color)

EIAJ Publications: Available from Electronic Industries-Association, Japan, 250

1533, New Y]

JIS C 7071-1
JIS C 7072-1
LD-101-198(
LD-201-1984

The JIS (Jap
from ANSI, h
numbers.

The LD prefi

U.S. Govern

ork, NY 10119.

98 General Rule of Liquid Crystal Display Panel (draft, in Japa

98 Measuring Methods for tiquid Crystal Display Panels (draft
Terms and Definitions_for Liquid Crystal Display Devices

Materials

an Industry Standand) publications referenced in 2.1.5 of ARP4260

ment Publications: Available from DODSSP, Subscription Services

Determination of the Spectral Responsivity of Optical Radialtion Detectors
Methods of Characterizing llluminance Meters and Luminance Meters

ons: Available from EIA Engineering Department - Standard Sale Jffice, 2500 Wilson

West 34 St., Suite

hese)
in Japanese)

Measuring Methods:for Liquid Crystal Display Panels and Jonstructive

are obtainable

owever, the EIAJappears to have similar documents albeit with different document

ed doeuments come from the EIAJ Liquid Crystal Committee and are not standards.

Desk, Building 4D,

700 Robbins

Avenue, Philadelphia, PA 19111-5094.

MIL-STD-1787B Aircraft Display Symbology
MIL-P-7788F Panels, Information, Integrally llluminated
MIL-HDBK-87213 Electronically/Optically Generated Airborne Displays
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2.2 Related Publications:

2.3

The following publications are provided for information purpose only and are not a required part of

this document.

Naval Air Development Center Report 86011-60 (AD-A168 563) The Development and Evaluation
of Color Systems for Airborne Applications: Fundamental Visual, Perceptual and Display Systems
Considerations, R. M. Merrifield, L. D. Silverstein, February, 1986.

NOTE: The ah
by the

American Nati
Stations: Revi

Billmeyer, F. W
Sons, N.Y.

Carter, R. C., C
15 August 198

Grum, F. and §
Silverstein, L.

Parameters an
Engineering, V
Stimson, A., P

Wyszecki, G. g

Kaufman, Johr
America, N.Y.

ove report is identical to the report (DOT/FAA/PM-85/19) of thesal
U.S. Department of Transportation and the Naval Air Test Céentér o

pnal Standard for Human Factors Engineering of VisuakDisplay Ter
sed Draft, July 1986.

. Jr. and Saltzman, M.: Principles of Color Technhology, 2nd Ed., 194

arter, E. C.: "High-Contrast Sets of Colgrs", Applied Optics, Vol. 21
D.

D., Lepkowski, J. S., Carter,-R. C. and Carter, E. C.: Modeling of D
d Algorithmic Color Selection, Proceedings of the International Soc
ol. 624, 1986.

notometry and Radiometry for Engineers, 1974, John Wiley and So
nd Stiles;"W., Color Science, 2nd Ed., 1982, John Wiley and Sons,

E (Ed), IES Lighting Handbook, 1981, llluminating Engineering Sg

ne title published
n July 18, 1985.
minal Work

1, John Wiley and

No. 16, pp. 2936,

Bartleson, C. J., Optical Radiation Measurements, Vol. 2, 1980, Academic Press, N.Y.

splay Color
ety for Optical

ns, N.Y.
N.Y.

ciety of North

Definitions:

See Appendix

A.
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2.4 Terminology and Abbreviations:

AMLCD Active Matrix Liquid Crystal Display

ARP Aerospace Recommended Practice
ASTM American Society of Testing and Materials
CIE Commission International De E'clairage
CR Contrast Ratio

DEP Design Eye Position

DERP Pesigr-Eye-ReferenreePeint

DVE Design Viewing Envelope

EIA Electronic Industry Association

EIAJ Electronic Industry Association Japan
FOV Field of View

FPD Flat Panel Display

IES [llumination Engineering Society

LCD Liquid Crystal Display

NIST National Institute of Standards and Technology
SAE Society of Automotive Engineers

UuT Unit Under Test

3. GENERAL REQUIREMENTS:
3.1 Units of Measure:

3.1.1 Linear Measyrement Units: The units of linear measurement used in this procedure are as follows:

TABLE 1
Unit of Measurement Abbreviation
millimeter mm
nanometer nm
inch in
Fhousanadths of aminch it

These units are related by the following equations:

lin = 25.4 mm (Eq. 1)
1nm = 1x 10~ meters (Eq. 2)
1 mm = 0.03937 inches (Eq. 3)

1 mil = 0.0254 mm (Eq. 4)
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3.1.2 Luminance Units: Luminance is a measure of luminous intensity per unit area. The units of
luminance used in this document are either the footlambert (fL) or candela per square meter
(cd/mz). To convert from footlamberts to candelas per square meter(cd/mz), multiply the number of

footlamberts

by 3.426.

1fL = 3.426 cd/m’

(Eq. 5)

To convert from candelas per square meter to footlamberts, multiply the number of candelas per

square mete

3.1.3 [llluminance
incident on 4|
(lumen/ft?) a

To convert fr
convert from

3.2 Laboratory Co
The following q

3.2.1 Temperature
25 °C. All eg

3.2.2 Humidity: M

3.2.3 Electrical Inp

by 0.2910.

1 cd/m”® = 0.2919 fL

Units: llluminance is the metric for the measurement ofdight from a
surface. The units of illuminance used in this document are the fo
nd the lux (lumen/m?).

bm footcandles (fc) to lux, multiply the number of footcandles by 10
lux to footcandles, multiply the number of dux by 0.0929.

1fc = 10.764ux
1 lux = 0.0929 fc

nditions:

onditions shall be adhered to when measuring displays in this docd

uipment and the 'UUT should be stabilized to the ambient temperat]
pasurements shall be conducted within a relative humidity range of

ut.Rewer: The primary, electrical input power (AC or DC) to the U4

controlled to within £1% in voltage and frequency

(Eq. 6)

source that is
btcandle

76. Similarly, to

(Eq.7)
(Eq. 8)

ment.

Measurements shall be conducted within an ambient air temperafure range of 18 to

ure.

15 to 60%.

T shall be

3.2.4 Ambient Light: Ambient light is considered to be all light incident on the display surface from

sources othe

r than the display itself.

Measurement procedures in this document shall be conducted under dark ambient conditions,
unless otherwise specified, such that the incident light at the plane of the display surface is less
than 1% of the level of the display. The ambient light level should be determined prior to any
display measurements.
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3.3

3.31

Laboratory Standards:

The use of industry traceable (e.g., NIST) radiometric and photometric standards for the calibration
of test equipment will help ensure inter-instrument correlation. Some standards are required to be
recalibrated on a regular cycle or when an elapsed time of use has expired. Strict adherence to
calibration and recalibration and maintaining calibration records is prerequisite to good laboratory
procedure and is highly recommended.

spectral radigance standard. It is used to calibrate the spectral response of specfroradiometers. A
radiance stapdard is generally an incandescent lamp and a light diffusing isurfacg (transmitting or

reflecting) ogerating in combination at or near a color temperature of 2856’K. A fypical spectrum is
shown in Figure 1.

Radiance St£ndard: The primary standard for calibration of light measuring equipment is the

1E-03 3
= F
"ﬂ
§
'E 1E-04 t
&
=
b3
g
§ 1E-05 Luminance Level: 0.5 |
K] ; fL (1.713 cdfsg-m)
8 o —
x [ (U U DU U SRR MU I
[
1 E-06

380 430 480 530 580 630 680 730 780
Wavelength [nm]

FIGURE 1 - Spectral Distribution of Radiance Standard

The lamp is selected for its continuous spectrum, stable output, drive simplicity, and general long
life. The radiance data supplied with the lamp is in units of watts per square meter and nanometer
and steradian and given in 1, 2, or 5 nanometer steps for a specified lamp current. Typical
standards are configured as lamp with reflectance standard, lamp with diffusing transmittance
standard, and lamp with integrating sphere. The diffuse surface must exhibit lambertian
characteristics (see 3.3.4.1).

-10 -
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3.3.2 Luminance Standard: The luminance standard is used to calibrate photometers. This standard is
generally similar to the radiance standard with the exception (or addition) that the integrated

luminance is supplied with the lamp. The luminance standard supplies a certified luminance (fixed
or adjustable) at a specified color temperature.

3.3.3

3.34

3.3.4.1 Diffuse Reflectance: A diffuse reflectance standard is one that reflects, spectr

Illuminance and Irradiance Standards: These standards are generally not necessary. When a
particular illuminance, color temperature, or irradiance is required for measuring reflectance and
contrast, a lamp (quartz-halogen lamp or xenon arc lamp) is calibrated by measuring the reflected

luminance fr

Reflectance

selectively,
standards

available p
that they a
white diffug

"A Lamber
proportiond
point in qud
luminance
Radiometry

There are 1

bm a diffuse reflectance standard.

Standards:

incident radiation into a lambertian distribution. In the-past, most r
hnd targets have been made of compressed barium, sulfate, BaSO,

e durable and can be cleaned. The BaSO, block is a powder com
e surface.

ian source is a surface source that manifests luminous intensity in
| to the cosine of the angle between‘that direction and the normal to

would be independent of the direction from which it is observed." -
for Engineers, Allen Stimson.

well. Fort
surface lu
system). |

allows megsurementof the illuminance at the display face without moving the

changing

measures the luminance of the reflector, and multiplies this by its reflectance ¢
1.0 (and by Yp'if metric units are used) to obtain the luminance.

o ideal lambertian surfaces but the materials described above appr
e special case of a)perfect Lambertian reflector, illuminance of 1 fg
inance of 1 fL (ilumination of 1 lux results in a luminance of 1/p cd
a typical setup, this special case relationship between illuminance

tectors> One simply locates a near-Lambertian reflector in place g

ally non-
pflectance
, but recently

blytetrafluoroethylene materials exhibit very similar response with the added benefits

bressed to form a

ANy direction
the surface at the

bstion. An illuminated Lambertian surface would reflect perfectly diffused light. Its

Photometry and

hximate them very
results in a

m? in the metric
and luminance
photometer or

f the display face,
f approximately

-11 -
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3.3.4.2 Specular Reflectance: A purely specular surface is likened to a front surface mirror. The
reflected light leaving the mirror’s surface is at the same angle but on the opposite side of the
normal to that surface.

A silver-coated, front surface mirror would seem the obvious choice for a specular reflectance
standard. However, the best protective coatings are hard to clean without scratching and short
lived due to wear and aging (oxidation). The reflectance of a coated surface is wavelength and
incident angle dependent which makes calibration of the mirror difficult and requires frequent
recalibratign.

Certain types of glass (e.g., BK-7 from Schott Glass Works) can be used,as specular reflectance
standards and have been used as such especially for low level reflectance standards because
their dispefsion properties are constant between melts. The reflectance from this glass is
computed for a single incident angle using the index of refraction‘with Snell's law (Equation 9)
and the Fregsnel reflection/refraction equation (Equation 10).

n;sin g, = n, sinq, (Eq. 9)

. 2 2
sin"(q;—q,) tan (g,—q,)
R =% +

: : (Eq. 10)
sin“(g; + g,).\“tan"(q, + q,)

where:

g; =|incident angle
g, 9 refracted angle

and where
index of(refraction in the incident medium

index-ofrefraction in the refracted medium
refleetance at the interface of the incident and refracted media

n;

nr
R;

The Sellmeier dispersion formula, shown in Equation 11 and whose coefficients (Ag, A4, etc.) are
published by the glass supplier, is used to compute the indices of refraction for the visible range.
The index of refraction for air is a constant (ng = 1.003). The refracted angle, q;, is determined
from Snell's Law and inserted into the Fresnel equation, g,.

n® = Ay + Al 2+A2I _2+A3I _4+A4I J5+A5I - (Eqg. 11)

-12 -
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3.3.4.2

(Continued):

Specular reflectance of a standard is given for a specific light source and angle. Knowing the
spectral distribution of the light source, S, the reflectance is found by the following equation.

780 nm

34 S,R,y,Dl
_ 380nm
R = o - (Eq. 12)
a CI ‘]l| D|

where:

Dl £ wavelength interval
R, F spectral reflectance
y| ¥ CIE standard (photopic) observer function

3.3.5 Wavelength Calibration Standards: Spectroradiometerscaperate by breaking up|the input light into

packets or bands of light and for a spectroradiometer toomeasure light accurately| it must determine

the location ¢f UUT’s spectral peaks and the distribution. To do this, they must Ipe calibrated for
wavelength gccuracy. Wavelength calibration standards are used to check and pr calibrate the
wavelength gccuracy and repeatability of specttoradiometers. Line spectra soyrces and

3.351

3.3.5.2

absorption filters are two types that have been used for this purpose. Line specira emission
sources are fecommended over absorption filters.

Line Spectfa: When gaseous elements are ionized they emit a signature of light at specific
wavelengths that is dependent.on the atomic structure of the gas. These signafures are invariant
to temperajure or pressure.and are extremely accurate spectral lines for calibration. The line
spectra arg emitted fromsmall low pressure arc lamps. Mercury, mercury/cadmium, helium, and
helium/argpn lamps are‘examples of sources that provide several spectral lings in the visible

spectral range.

Absorption|Filters? Certain types of glass exhibit multiple absorption bands which are stable,
narrow, anfl‘'deep. These glasses are suitable for wavelength calibration.

3.4 Measurement Equipment:

3.4.1

Measuring Optics: The measuring aperture should be centrally positioned in the area to be
measured. Referring to Figure 2 which shows typical examples of measuring apertures and areas,
the dimension D; should be between 50 to 80% of dimension D,. The measuring field of the
luminance meter or colorimeter should be more than or equal to one degree of subtended arc but

not more than 10°.

-13 -
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)

D2 Di

3.4.2 Luminance:
requirementg

aperture and
objects. The
measuremer
measuremer
correlate the
possible mis

Measuring Aperture (D1) in Relation to Item Dimension (D2)

FIGURE 2 -‘Measurement Optics

For luminance measureéments, a calibrated spot photometer meeti

ng the

of the document is the-instrument of choice. The photometer shal| have a
polarization-free optical system;»ahd should feature a viewing system in which the measuring

alignment aperture are one and the same, especially for critical al

ignment on small

spot photometer is specified over the spectroradiometer for lumingnce

ts becauseof its generally superior sensitivity, dynamic range and
t capability. In some cases (e.qg., fluorescent light source), it may b
lumifiance of the photometer to an initial spectoradiometer measu
match of the photometer’s photopic filter in critical spectral regions

near real time
@ necessary to first
rement due to a

3.4.2.1 Spot Photometer: An instrument used to measure luminance (brightness) of an object is called a
photometer. The IES defines the photometer as “a device for measuring radiant energy in the
optical (UV, visible, Near-IR) spectrum. When used with a filter to correct their response to the
C.l.E. standard observer, they measure visible light and are called physical photometers.” The
incoming signal is collected by means of a lens (e.g., telescopic or microscopic) and imaged on a
measuring aperture, usually circular. The signal is then passed through a filter to a detector
(usually a photomultiplier or silicon photodiode). The filter/detector combination is fitted to
achieved the CIE 2° Standard Observer function. The viewed image, including the alignment
aperture (or reticle) and immediate surrounding area, is observed through viewing optics. Ideally,
the measuring aperture and alignment aperture are the same.

-14 -
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34211

3.42.1.2

3.4.2.1.3

3.42.13.1

3.4.2.1.3.2

3.4.2.1.33

3.42.134

3.42.1.4

3.42.15

Photometer Sensitivity: The most sensitive full-scale range shall be 0.1 fL or less.

Photometer Accuracy: A calibrated photometer’'s measured luminance of a standard shall be
within £2% of the standard's certified value. The accuracy or a calibrated photometer shall be

+4% whe

n measuring a non-standard luminance source.

Photometer Sensitivity and Accuracy Verification:

ufficient warm-up

Scope:[ This test will verify the full-scale sensitivity and measurement accuracy of a spot
photometer.
Equipment:
1. Cettified luminance standard capable of providing 0.1 fL o¥'less.
2. Spat photometer under test.
Setup:
1. Turh on the luminance standard and the phdtometer under test: allow 3
time.
2. Adjpst the standard to 0.1 fL (or less).
3. Align and focus the photometer ondthe standard’s measuring plane.
Procedpre:
1. Measure the standard’s luminance with the spot photometer and note the reading.
2. Thqg spot photometer(shall have passed this verification if the measureg reading is within

+2% of the stated oufput of the luminance standard.

Readout
than or e

Alignmen

Resolutign;s The photometer should have a digital readout with a re
ual t0:0:1% of full scale (3-1/2 digits).

tSystem: The indicated measurement area as viewed through the

solution better

photometer’s

optics or eye-piece shall be within 5% of the dimensions of the area being covered in both x
and y axes. This is especially important for applications where the largest dimension of the
measuring aperture is 80% of the smallest dimension of the sample.

3.4.2.1.6 Alignment System Verification:

3.4.2.1.6.1 Scope: This test is required for photometers whose measuring aperture and alignment
aperture are not the same, that is, for photometers that rely on an alignment reticle for
positioning of the system’s measuring aperture.
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3.4.2.1.6.2 Equipment:

1. Spot photometer under test.
2. Black card with a hole in the center.
3. Uniform light source (e.g., luminance or radiance standard) with lighted surface

luminance uniformity of £1%.
4. Two-axis positioner with gradation.

3.4.2.1.6.3 Setup:

=

Plate the black card in front of the light source normal to the phatometgr’s optical path.
2. Selgct a measuring aperture whose largest dimension (if not cireular) is|less than or equal
to 8§0% of the diameter of the hole.
3. Align the aperture such that a small movement of the card'in any directipn does not cause
a noticeable change in the luminance (less than +1%).

3.4.2.1.6.4 Procedpre:

1. Moye the card in the horizontal axis with relation to the photometer's optical axis until a
luminance decrease of 1.5% is observedton the photometer’s output display.

2. Regord the horizontal position of the card (P).

3. Moye the card in the opposite direction and in the same axis as the original movement,
untfl a 1.5% decrease in luminance’is observed.

4. Regord the position of the card:P,.

5. Calgulate the distance (D).the card was moved: D = ¥P - P,%

6. MoyYe the card in the original direction by the distance D/2.

7. Repeat the above setup and procedure for the vertical axis (axis orthogonal to the

hor{zontal test).

Replace the measuring aperture with the alignment reticle.

9. If the centerofthe reticle crosshair is not visually centered in either axis of the hole in the
car@l, moye-the card until the center of the reticle is visually centered.

10. Regord-the distance and direction the card was moved in both axes.

11. If thetdistance (Dyqriz @nd Dye(t) the card was moved to achieve visual centering is greater
than 5% of the calculated dimension of the measuring aperture as subtended at the plane
of the hole, the alignment system is inadequate.

12. If the alignment system fails the verification test, do either: (1) recalibrate the alignment
system or (2) when aligning the optical system on the UUT, compensate the position of
the alignment by Dy,q,i, and D, in the required direction.

o

3.4.2.1.7 Polarization Error: The polarization error of the photometer shall be no greater than 5%. This
test can be used with spectroradiometers as well.
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3.4.2.1.8 Polarizati

on Error Verification:

3.4.2.1.8.1 Scope: This verification procedure will determine the polarization error of the spot
photometer.

3.4.2.1.8.2 Equipment:

1. Spot photometer under test.

2. Uni
3. Hig

3.4.2.1.8.3 Setup:

1. Wa
2. Alig
rec
3. Pla
the
with

3.4.2.1.8.4 Procedpre:

1. Req
2.

3. Reyj
4. Cal
5. If th

pro

Rotate the polarizer by 45° and-re-measure the luminance, Lyse.

orm and diffuse light source.
hly efficient, linear polarizer with rotator graduated in 5° incremeénts

'm up the photometer and light source.
n the photometer normal to the light source so thatya luminance va
brded.

axis of polarization is horizontal. The rotation axis of the polarizer
the optical axis of the photometer.

ord the luminance through the polarizer, Lge.

eat step 2 until readings-of L. through L35 are obtained.
culate the percentage difference between the highest and lowest va

L

(Lhighest - Iowest) ,

difference =
L

%L 100

highest

e difference is greater than 5%, the photometer should not be used
cedures.

3.4.2.1.9 Photodet

minimum.

ue may be

ce the polarizer in the optical path between the-source and the phofometer such that

should be aligned

lues of luminance.

(Eq. 13)

in these

ector >Saturation: 'he photometer's photodetector must not saturat

e over the usable

luminance range of the UUT. This phenomenon occurs especially in photometers using
photomultiplier tubes as detectors.

3.4.2.1.10 Photod

etector Saturation Verification:

3.4.2.1.10.1 Scope: This verification procedure will determine if the photodetector is saturating.
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3.4.2.1.10.2 Equipment:

1. Calibrated photometer.
2. Neutral density filters unless built into the photometer.
3. UuUT

3.4.2.1.10.3 Setup:

1. The
2. Fog
3. Usi

attg

3.4.2.1.10.4 Procedpre:

1. Req
2. Adda
3. Req

sho
4. Ifth

occ
5. Ifth

thir

opt

adjlistment may require tecalibration of the photometer.

3.4.2.1.11 Spectrall
contribut

3.4.2.1.12 Spectrall

3.4.2.1.12.1 Scope:

us the calibrated photometer on the display.
ng the desired measuring aperture, select the lowest range of.ampl
nuation, to obtain a reading.

uld change in proportion to the calculateéd attenuation of the optical

urred and the first neutral density filter can be removed.
e ratio is not proportional then add a second decade of neutral density, record this
| reading, and divide this reading by the previous reading.
6. If saturation occurs, the system-sensitivity should then be adjusted eith

photometer and display are assumed to be on and warmed up.

ord the initial reading from the photometer.
a neutral density filter (one decade of attenuation).
ord this second reading and divide by the-initial reading. The photd

e response does change proportionally, then photodetector saturat

cally (using neutral density filters) until the response change is proy
Induced Luminahce Errors: Spectrally induced errors should not
b to the measurement errors of luminance (e.g., by not more than a
Indueed Luminance Error; Correction Factor Derivation:

This procedure will determine luminance correction factors, K, fol

fication and

meter response
filters.
on has not

er electrically or
ortional. This

substantially
2%).

errors caused by

a signi

icant mismatch between the CIE Standard Observer (V) and the p

of the photometer.

3.4.2.1.1.2 Equipment:

1. Spot photometer
2. Spectroradiometer (see 3.4.1.2)
3. UuUT

hotopic response
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3.4.2.1.12.3 Setup:

1. The display and test equipment are assumed to be on and warmed up.
2. Locate and mark a position on the display so that the spectroradiometer may be

re-focused onto the same point.

3.4.2.1.12.4 Procedure:

Cornmand the UUT to display the desired color.

Align and focus the photometer on the area to be measured.

Medsure the luminance with the photometer and record the reading as
Select a measuring aperture and lens combination on the spectroradio
proyides the same shape and measuring spot size as used by the pho
5. Using the measuring aperture selected in step 4, align and’focus the s
on the exact area measured by the photometer in step)3.

PoNPE

Lp.

meter that
ometer in step 2.
bectroradiometer

Measure the UUT with the spectroradiometer and record the reading aps Lg.

7. Compute luminance correction factors by dividing the spectroradiomet
reafling by the photometer’s luminance reading for the same color.
8. Repeat this procedure for all colors of interést.

A
1
- |m'_

o

9. To apply the correction factors,-multiply the photometer’s luminance re
corfection factor.

L= K_~ Photopic Reading

3.4.2.2 Spot Spectroradiometer: A spot spectroradiometer measures the spectral rad
light of an @rea of interest'by imaging the area onto the spectroradiometer's m
aperture.
are two types of spatspectroradiometer typically used for display measureme
monochromatorand simultaneous acquisition type. Scanning monochromato

br’s luminance

(Eq. 14)

ading by the color

(Eqg. 15)

jJant distribution of
easurement

he signalpasses through the aperture and is then diffracted onto the detector. There

nts: the scanning
s employ a single

detector tojmeasure the incoming spectrum in discrete wavelength steps whilg the simultaneous

models sa

urement.

The measured spectral data is corrected to spectral radiance and then luminance
(see Equation 16). See 3.4.2.1 for spectral radiance verification and calibration of the spot

spectroradiometer.

L, = Ky 8780 (L(1)- V(1)) Dl

(Eqg. 16)
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3.4.3 Color: Thee

where:
Km
Le(l
V(I
Dl
Ly 7
Computers
the data, a
The same

saturation)

filter colorimg
colorimeter w
affects spect
a procedure

which are i
shown in th

Tristimulus

3.4.2.2 (Continued):

= maximum luminous efficacy (683 Im-W'l)

) = spectral radiance

2
m -Sr-nm

= ClE Standard Observer

= Wavelength Interval

F Luminance [cd nmz] since cd =Im - srt

are used to control the spectroradiometer’s hardware, calibrate the
nd make this computation.

estrictions that apply to the spot photometer (alighment, polarizatio
also apply to the spot spectroradiometer.

quipment selection hierarchy for color measurement is a spectrorad
pter second. Color matching is not a valid technique for this docum
hen the radiance levels are not sufficient for the spectroradiometer
foradiometer measurements (see3.4.2.1.8). The document, ASTM
[o correlate data between a colorimeter and a spectroradiometer.

3.4.3.1 Spot Spectroradiometer: The chromaticity of an object is computed from its tr

h turn computed from the spectral radiance and the CIE color matc
e following equatiens.

Values (X, Y, Z):

system, collect

n error, and

iometer first and a
ent. Use the

br if polarized light
E 1455, describes

stimulus values
hing functions

780 _

X =K_ - & (R(I)-x(l))Dl (Eq. 17)
380
780 _

Y =K, & (R()y(l))Dl (Eg. 18)
380
780 _

Z =K, -4 R()z()Dl (Eq. 19)

380
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3.4.3.1 (Continued):
where:

X, Y, and Z = tristimulus values

Y is in units of cd/m? is therefore luminance

Ky = maximum luminous efficiency (683 Im - w1l

R(I ) = measured radiance in watts per steradian and square meter
x(1), y(), and z(I ) = CIE 1931 Color matching functions

DI F wavelength interval

CIE chromaticity coordinates are derived from the tristimulus values.

1931 coordinate system:

X
X = ——— Eq. 20
X+Y+Z (Eq )
Y
y=——7 (Eq. 21)
X+Y+Z
1976 unifofm color scale (UCS) system:
4X
u' s——— Eq. 22
X+15Y +3Z (Eq )
ve— Y (Eq. 23)
X+15Y+3Z

3.4.3.1.1 Wavelength Accuracy.Verification:

3.4.3.1.1.1 Scope:| This verification test will quickly check the wavelength accuracy of{the
spectrdradiometer under suspicion. This simple test will look for specific mercury (Hg)

I Imes in the emlssmn of a fluorescent Iamp Any fluorescent lamp should work for

when-thereds suspicion of error

in chromat|C|ty
3.4.3.1.1.2 Equipment:

1. Spot spectroradiometer under test.

2. Fluorescent lamp.

3. White reflective surface: white bond paper or poster board are good examples (no
calibration required).
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3.4.3.1.1.3 Setup:

1. Turn on the lamp and spectroradiometer system. Allow sufficient time to warm-up.

2. Place the white reflective surface in front of the spectroradiometer and focus on the
surface of the reflector.

3. llluminate the white reflector with the fluorescent lamp.

3.4.3.1.1.4 Proced

ure:

=

Take a measurement of the fluorescent light reflected from the whiteyre
2. Lodate three spikes in the measured emission: they should be around

flective surface.
104 nm, 435 nm,

and 546 nm. The exact locations of the Hg lines are 404.66, 435.84, and 546.07 nm.

3. Wayelength recalibration of the spectroradiometer is recommended if t

ce
3.4.3.1.2 Spectral

3.4.3.1.2.1 Scope:
spectrg
measu
suspici

3.4.3.1.2.2 Equipm

1. Spc
2. Spe

3.4.3.1.2.3 Setup:

1. Per
2. Tur
3. Pos

wal

roid of any one of the spikes is off by more than 1 pm:
Radiance Accuracy Verification:

This verification procedure will check the,spectral radiance calibral
radiometer under suspicion because celor (chromaticity) is comput
ed spectral radiance. This verification:should be performed monthly
bn of error.

ent:

t spectroradiometer.
ctral radiance standard.

form a wavelength accuracy verification test prior to this test.
N on the-spectroradiometer and allow sufficient time to warm-up
ition_the radiance standard in front of the spectroradiometer. Allow

he location of the

tion of the
bd from the
or when there is

sufficient time to
On.

M-up the standard to the level provided in the certificate of calibrati

4. Align and focus the spectroradiometer on the measuring plane of the radiance standard.

3.4.3.1.2.4 Proced

=

ure:

Take a spectral reading of the radiance standard.

2. Compare the measured data to the radiance standard’s certified data either spectrally or

by i

ntegrated values.

3. If the measured data is off by more than 2% then spectral recalibration of the

spe

ctroradiometer is recommended.
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3.4.3.2 Filter Colorimeter: A filter colorimeter measures tristimulus values directly by use of colored
filters in the optical path of the detector. From these values the subject’s chromaticity is
computed.

3.4321

3.4.3.2.2

3.432.21

3.4.3.2.2.2

3.4.3.2.2.3

3.43.2.24

Colorimetric Calibration Accuracy: The calibrated colorimeter’'s measured chromaticity
(1931 CIE x,y) of a 2856 K color correlated source should be within 0.005 (x,y) of a lighting
standard’s certified values.

Colorimefric Calibration Accuracy Verification:

Scope:| This verification will check the colorimeter‘s measured chromaticity by comparing the

known chromaticity of a standard source to the measured values.Fkollow the manufacturer’'s

guidelines for how often to perform this test or when there is assuspicion of error in the
readings.

Equipnment:

1. Filtgr Colorimeter.

2. Staphdard light source approximating CIE Standard Illuminant A.

Setup:

1. Thg colorimeter and lamp are assumed to be on and warmed up.

2. Foqus the colorimeter on thesmeasurement plane of the standard.

Procedpre:

1. Measure the tristimulus values by selecting appropriate filters (e.g., Red, Blue, Photopic,
and Xb). In fourtilter colorimeters, the X tristimulus value is equal to the Red reading plus
the|Xb reading:

2. Compute the 1931 CIE chromaticity from the following equations and dompare the
measuredvalues to the known chromaticity of the standard.

X
*—= Eq. 24
vz (Eq. 24)
Y
y=——7 (Eq. 25)
X+Y+Z
3. Recalibrate the colorimeter if the difference is off by more than 0.005 in either x or y.
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3.4.3.2.3 Spectrally Induced Color Errors: Spectrally induced errors should not substantially contribute
to the measurement errors for color.

3.4.3.2.4 Spectrally Induced Color Errors; Correction Factor Derivation:
3.4.3.2.4.1 Scope: The procedure will determine color correction factors for specific narrow band

emissions that cause significant chromaticity errors. A set of tristimulus correction factors
may have to be computed for each display color.

3.4.3.2.4.2 Equipment:

1. Filt¢r Colorimeter
2. Spectroradiometer
3. uufl

3.4.3.2.4.3 Setup:
1. Thg display and test equipment are assumedAobe on and warmed up

2. Logate and mark a position on the display sothat the spectroradiometgr may be re-
foclised onto the same point.

3.4.3.2.4.4 Procedpre:

=

Selgct a color (i) on the UUT.
2. Selgect an aperture similar inssize and shape to an aperture in the spectijoradiometer. The
apdrture should be largevenough to preclude any spatial errors.
3. Fodqus the calibrated colorimeter to the specified position on the display.
4. Measure the tristimulus values (X¢j, Yci, Zcj) With the colorimeter using the tristimulus
filters built intothe ‘equipment.
5. Reinove theccolorimeter and replace with the spectroradiometer. Locate the mark
podition on-the display and align and focus the spectroradiometer to that spot.
6. Megsurethe UUT with the spectroradiometer and record the tristimulus values (Xg;, Ys;,
Zgj)-
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3.4.3.2.4.4 (Continued):

7. Compute tristimulus correction factors for the colorimeter by dividing the
spectroradiometer’s tristimulus readings by the colorimeter’s tristimulus readings for the
same color as shown in following equations.

c, =5 o (Eq. 26)

x == T :
Y Xe

YC.

C, = — =10 (Eq. 27)
i YS,

c, -5 la (Eq. 28)
27y, z a

8. To apply the correction factors, multiply the colorimeter’s tristimulus reading by the color
correction factor for the appropriate tristimulus “alue prior to computing chromaticity.

Conosgopic Video Photometry Systems:

The usg of a conoscopic video photometer'is acceptable provided that the|accuracy of the
system} in comparison with classic teehniques of color and luminance megsurement, is
known.| Either a direct optical or Feurier transform interface is acceptable for the purpose of
providing photometry as a function' of display viewing angle.

The angular accuracy of thiese systems is known to be better than £1° for angle reporting
through the collector opties at conical angles to greater than 40°. The lum[nance accuracy
should pe better than:4% over its dynamic range.

Positioping Equipment:

Viewingi; Angles:

Non-polar display viewing angles are defined from a line projecting normal to the display at
the point of focus. These angles are symbolized by H and V for horizontal rotation and
vertical rotation, respectively. Positive H angles are viewed from above and positive V angles
are viewed from the right.

Spherical viewing angles, g and f, are angles measured from the “normal” and the “East”
direction, respectively. The angle g measures the tilt away from the “normal” in any direction
while the angle f specifies the viewing direction (i.e., 0°=West, 90°=North, 180°=East, and
270°=South).
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3.4.3.2.4.4 (Continued):

The machine angles of the positioning equipment do not necessarily match those of the
viewing angles described above and care should be made to identify the type of goniometer
that is being used. For the non-polar viewing angles, H is the same as the horizontal rotation
in a Type A goniometer and V is the same as the vertical rotation in a Type B goniometer.

3.4.4 Translational:

3441

3.44.2

3.4.5

3.45.1

3.45.2

Positional

or measuring device in any direction to within 0.25 mm (0.01 in).

X-Y Positigner Orientation: The X-Y plane is assumed to be the plane\of the g
the positive X direction horizontal and to the right and the positive<Y direction

The positi

thought of @s a right-handed coordinate system.

Rotational:

called a gonipmeter. There are three types of goniometers in use in the display
Type B, and [Spherical). No system is claimed as a standard. However, the Typ
or display work because inherent in its design, it reduces cantileve
bs. The rotational positioner is normally mounted atop a translationd

widely used
rotation stag
used to re-pq
translate and
are mathemsg

Type B and Vice versa).
Rotational Accuracy: The paésitioner should be capable of rotating the display
device to within 1° on any axis.
Goniometer: Goniomeéters have two or three rotation stages and are describe
configuratipn as in-Fype A and Type B systems. The Type A and Type B goni
known as North Rolar and East Polar positioners, respectively. These designg
longitudinal and latitudinal nature of axes’ geometry.

ccuracy: The positioner should be repeatable and be capable of.n

Z axis is in the focus direction toward the measuring-device. This

positioner that involves a rotation about one \or more primary orthd

sition the UUT to the focal pointof the detector. The types of gonig

rotate the UUT and not the-detector. Positioners/goniometers that
tically opposite and thus_have their conversion equations swapped

hoving the display

isplay face with
ertical and up.
is normally

gonal axesis
ndustry (Type A,
e B system is

ed loads on the

|l positioner that is
meters below
carry the detector
(Type A becomes

or measuring

d by their
bmeters are also
tions describe the

3.45.2.1 TypeA, (I.E.S. designation): Figure 3 shows the axis orientation of a Type A goniometer. The
UUT is mounted indirectly to a horizontal axis, rotation stage. In this configuration the
horizontal rotation is dependent on the vertical rotation angle since its base of rotation is
directly from the vertical rotation axis. The vertical rotation is measured from the display normal
about the x axis or in the y-z plane as is shown in Figure 4, while the horizontal rotation is
measured in the x-z' plane.
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FIGURE 3 - Type A Goniometer
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-

—_— . e

3.45.2.2 TypeB,

UUT is n

rotation i
the horiz

shown in

3.45.2.3
or about

normal in

Figure 7

is used nj
appear td

a compa

Spherica

Va

FIGURE 4 - Type A Axis Rotations

I.E.S. designation): Figure 5 shows thetaxis orientation of a Type B
ounted indirectly to a vertical axis, rotation stage. In this configurati
5 dependent on the horizontal rotation angle since its base of rotatic
bntal rotation axis. The horizontal rotation is about the y axis orin t
Figure 6 while the vertical rotation is measured in the y-z' plane or

/Polar: In the spherical or polar rotational system the azimuthal rot
he display normal and the elevation, g, (or zenith) rotation is away
the direction of.the’azimuth position. An illustration of a typical sys
And the graphicalrotations shown in Figure 8. This viewing angle ¢
ostly by digplay vendors to describe the contrast performance of thg
be two azimuth orientations in the industry: one has 0° location in t
S (along the x-axis of the display) and the other has the 0° location

goniometer. The
on the vertical

n is directly from

he x-z plane as is
about the x’ axis.

ation, f, is around
from the display
tfem is shown in
oordinate system
ir displays. There
ne East position of
pointing north.

-28 -



https://saenorm.com/api/?name=2c487bb3d10ea32838741d55846931f9

SAE ARP4260



https://saenorm.com/api/?name=2c487bb3d10ea32838741d55846931f9

SAE ARP4260

FIGURE 6 - Type B Axis Rotations

\mf
30°
|
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/ >
LZ-ox’s

Light Meter

|

FIGURE 7 - Spherical Goniometer
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FIGURE 8 - Polar Axis Retations

3.4.5.3 Coordinateg Translation:

3.4.5.3.1 Type Atg Type B Goniometer: To convert from Type A to Type B coordinates use the following
relationships.

Hg = arcsin (sin H, x cos V,) (Eq. 29)
anV,g

Vg = arctan ¢ AS (Eq. 30)
€C0s H,g
an Hys

H, = arctan gé BS (Eq. 31)
€Cos Vg

V. = arcsim(cos Hy XS V) (Eq. 32)
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3.4.5.3.2 Type A/B to Spherical/Polar Goniometer: To convert from Types A or B to spherical coordinate
system use the following relations.

To convert between Type A and spherical coordinates use the following equations:

To convert between Type B and spherical coordinates use the following equations:

g = arccos (cos H, x cos V,)

To conve

3.5 Ancillary Equig

In this section,

measurements.

adan Vg
f = arctan ¢c— -
esin H,g

H, = arctan (tan q cos f )

V, = arcsin (sin g sin f)

(Eq.

(Eq.

(Eq.

(Eq.

It between Type B and spherical coordinates.use the following equations:

q = arccos (cos Hg x cos Vp)

in VBﬁ
f = arctan =
atan HBﬂ

Hg =.arcsin (sin q cos f)

V = arctan (tan g sin f )

ment:

additionallaboratory equipment is mentioned that may be useful in
It is not the intention of this document to endorse any specific prdg

3.5.1 Light Source

5 ~The user should he aware that the Iamp spectrum could affect tH

results of a lighting measurement.

3.5.1.1 Arc Lamps

(Eq.

(Eq.

(Eq.

(Eq.

making light
ducts.

33)

34)

35)

36)

37)

38)

39)

40)

e accuracy and

1. A xenon arc or metal halide lamp may be used for high ambient illumination. The temporal
stability of these lamps makes them not suitable for a lighting standard.
2. Arc lamps with quartz tubes may be used for solar simulation and weathering testing.

3.5.1.2 Integrating Spheres: In addition to other uses, integrating spheres may be used to supply a
uniform diffuse source of light for reflectance measurements.
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3.5.1.3 Incandescent Lamps:

1. Quartz halogen lamps are typically used for sunlight readability (contrast) measurements.
2. Incandescent lamps are used for spectral measurements where a continuous spectrum light

source

is needed.

3. A bright light source that is used for visual inspection would be an incandescent lamp used
with a dichroic filter (hot mirror).

3.5.2 Optical Com

=

An opticg

2. Adiffuse
that has ¢
well.

3. Ahand-h
ambient |
contrast

4. Inspectio

3.5.3 Mechanical [

1. Vibration

bonents:

| protractor is used to measure light incident angles and viewing an
target for specular reflectance measurement is made of awhite PT]|
ood spectral reflectance properties and near lambertian.réflectance

eld iluminance meter similar to a photographer’sd-stop meter is us
lumination. It is very useful for setting high ambient illumination co|
measurements.

h microscopes ranging form 5X to 200X are useful in testing matrix

Devices:

isolation table should be used where spatial stability is a important

when making lighting measurements:(These conditions may be encountere

measure
2. Tripods 3
photome
3. Miscellan

inside a single display element.

re very useful in the lighting labs for holding ambient illumination la
ers.

eous clamps and(holding fixtures are useful in the lighting lab.

gles.
FE like material
characteristics as

cd to measure
nditions for

displays.

consideration
] when trying to

mps and
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4. MEASUREMENT PROCEDURES:

4.1 Important Measurement Considerations:

1.

2.

o s

4.2 Multiple Point
4.2.1 Design View
1.

2.

Laboratory conditions as described in 3.2 should be followed in these procedures unless

specifically

noted.

Unless otherwise specified, the measurements made in this document are performed normal to

the display
Most of the

plane.

tahla ta Nacion \ /i~ En\: ! noe(PV/EY man

specific angles.
The UUT shall be sufficiently warmed up (stabilized) prior to making any‘meas

The measy
making any
The display

apertures g
where the

For metri
of the dis

It is reconmended that the measured point is at or near the goniometer’s ce

minimize
A typical
productig
For bette
next (ang
Rotating
interest.

-
)
«

an olol O
TP TTOTC O DT oIyt OpCT(ovE)Thce

ring equipment shall be sufficiently warmed up (stabilized) atid cali
measurements.

an cause problems especially displays like twisted-nematic liquid ¢
bmitted polarization varies greatly with the angle from the display.

Measurement Positioning Guidelines:
ng Envelope Positioning:

Cs evaluated over the DVE,(t'is recommended, for simplicity, to me4
play. This assumes that the center area is a good representative of

measurement errof.

angular step size for these measurements is 5° for engineering tes
n testing. Thesmaximum angles stepped shall include the DVE ma
I accuracy;perform all measurements at one angle and position be
le and_position).

the display or photometer in any direction may cause a translation
Make sure to check the alignment and focus of the photometer foll

surements for

urements.
brated prior to

coordinate system is described such that the lower left'corner of the display is 0,0
and positive X-directions are to the right and positive Y-directiofs are up.
Warning: Comparing a display’s photometric data from instpuments with differ

Ent acceptance
rystal displays

isure in the center
the entire display.
nter of rotation to

s and 15° for
Ximums.
fore moving to the

bf the area of
wing each

rotational

[aaval¥ial
TTTOVCS

4.2.1.1 Two Dimensional (Spatial) Positioning:

a. For these measurements, the display area will be divided into an X-Y grid.
b. An absolute minimum measurement grid size of 5 by 5 is recommended but is generally
dependent upon the display size and customer’s requirement.
c. The measuring area selected by either aperture size and/or distance should be large enough
to preclude variations due to the display’s pixel structure.
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4.3 Luminance:

4.3.1 AreaLuminance;:

4.3.1.1 Scope: This is a basic procedure describing how to measure area luminance and will be
referenced in other procedures in this document. The term “area” used here refers to the area of
multiple pixels in the measuring field.

4.3.1.2 Equipment

1. Spot pH
2. Positio
4.3.1.3 Setup:
1. The UU
largest
2. The ph
measu
large s
apertur
3. Setup

4.3.1.4 Procedure;

otometer
hing equipment when multiple locations or viewing angles _are requi

T will be set up to display a sufficiently large field (at least 25% gre
aperture dimension) of the required colors. . Alow the UUT to warn

ing aperture covers at least 10 pixels. The measuring aperture shqa
h that the ratio of the active to inactiverelement areas (and thus lum
e becomes essentially constant.

ambient lighting to illuminate theydisplay surface (if required).

h field of color and luminance level to measure.

h luminance reading, align and focus the photometer relative to thq
s and angles required.

e and recordithe area luminance. It is recommended to take sever

compufe the average of those readings.

1. Select
2. For ead
locatiorn
3. Measu
4. Repeat

steps<-through 3 as needed.

4.3.2 Display Elen

red.

ater than the
N up.

ptometer shall be set up to measure an area'such that the minimuny dimension of the

uld be sufficiently
nance) within the

UUT at the

al readings and

ent'Luminance:

4.3.2.1 Scope: This procedure describes how to measure the luminance of a single display element.
The human eye does not discriminate individual display elements, so these measurements are
not a direct measure of perceived brightness. Display element luminance varies greatly between
display elements (due to cell spacers, color filters, etc.). A single display element luminance
measurement shall not be used to characterize display luminance.

4.3.2.2 Equipment

1. Positioning equipment
2. Spot photometer
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4.3.2.3 Setup:

4.3.2.4 Procedure;

1. The UUT will be set up to display a field of the required color(s) and luminance level. Allow

2.

1.

2.

the UU

T to warm up.

Select a measurement aperture whose largest dimension is 50 to 80% of the smallest
dimension of one display element. The area measured by the photometer must lie
completely inside the display element. Refer to Figure 2. This setup may require the use of
special calibrations, lenses, and apertures of the photometer (see the photometer
manufdcturer's user manual).
3. Setup

Align a
display
Measu

ambient lighting to illuminate the display surface (if required).

readings and compute the average of those readings,

4.3.3 Ambient lllumination:

433.1

4.3.3.2

4.3.3.3

nd focus the photometer so that the measuring aperture is centered within a single
element.
e and record the display element luminance. It is recommended to

take several

ation, room

Scope: Thjs procedure describes a method te-compute the ambient illumination, |ampient iNcident

on the display plane. Sources of ambientdllumination might be sunlight simul

lighting, orjundesired stray light.

Equipment

1. Spot Photometer

2. Diffuse|Reflectance Standard

Setup:

1. Align apd fecus the photometer on the display plane. The photometer’s optical axis is normal
to the display.

2. Placet

coplanar with the display plane.

he diffuse reflectance standard such that the reflecting surface of the standard is
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4.3.3.4 Procedure:

1. With the ambient illumination incident on the standard, measure and record the luminance
reading from the reflectance standard.

2. Compute the display’s ambient illumination, in Step 1, on the diffuse reflectance standard by
using the following equations. The result of the computation is illuminance because of the
Lambertian characteristic of the diffuse reflectance standard. Be careful to use the correct
conversion factors to match the units in use.

where:

Lpif
I Dif

4.3.4 Luminance 4
4.3.4.1 Scope: Th

4.3.4.2 Equipment

_ I‘Diffuse Standard

Ambient —

E
Diffuse Standard

use Standard = luminance on the diffuse standard
use Standard = reflectance of the standard

niformity:

s procedure describes how to measgire luminance uniformity.

ning equipment
otometer

play UUT shall display a full field of the required color, gray scale, &
ambient lighting to illuminate the display surface (if required).

5e measurements, the display area will be divided into an X-Y grid.
b paints by 5 points is recommended but is generally dependent upg

(Eqg. 41)

ind luminance.

A minimum grid
bn the display size

stomer requirements. If non-uniformities are visible, select a sufficig

pnt grid size or

1. Positio
2. Spot ph
4.3.4.3 Setup:
1. The dis
2. Setup
3. Forthe
size of
and cu
resoluti

on to include these non-uniformities.

4. The aperture size is selected such that the smallest grid spacing is larger than the major
aperture dimension. Refer to 4.3.1.3, #2 for minimum aperture.

4.3.4.4 Procedure:

1. Measure luminance at each grid location and record the data.
2. Perform necessary calculations as described in the next section where LMax is the measured
maximum luminance and LMin is the minimum luminance measured.
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4.3.4.5 Calculations:

43451 Method 1:

L
Luminance Uniformity (LU) = Max (Eq. 42)
I‘Min
4.3.4.5.2 Method 2:
L -L,,.
LU = wax = bwin) (Eq. 43)
(LMax+LMin)
4.3.4.5.3 Method 3:
L -L,,.
LU = M (Eq. 44)
I‘Avg

where:

LAvg = average luminance of the UUT:

4.3.5 Contrast:

4.3.5.1 Scope: This describes the step by'step procedure for measuring the display’s|contrast or
contrast rafio. These parametets are measured under dark or high ambient conditions.

4.3.5.2 Equipment

1. Spot photometer
2. High ambient.illumination source as per 3.6.1, if required.

4.3.5.3 Procedure] Either of the two methods described below are suitable.

4.35.3.1 Same Point Method:

1. Align the photometer to a predefined position on the display.

2. Command the display to go to a white field in the predefined position and measure the
luminance, Ly, of the white field.

3. Command the display to go to a black field in the predefined position and measure the
luminance, Lg, of the black field.
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4.3.5.3.2 Adjacent Point Method:

4.3.5.4 Variables g

4355

1. The UUT shall display adjacent white (L,y or foreground luminance) and black fields

(Lg o

r background luminance) flat fields.

NOTE 1: Unless otherwise specified, “White” and “Black” refer to the maximum and
minimum gray scale settings for any color falling within the color gamut of the UUT.

NOT

activd

2. Align

3. Focu

L © the diffuse legend luminance as measured normal to the display under the
with the display commanded to its lowest gray scale and the backl
[his is the reflected luminance with the:display OFF. “R” refers to re

illumination
minimum. ]

Lgi © the s
at the FEP

b the photometer on the black field. Measure the luminance, Lg, of

nd Definitions:

emissive light.

Ly © the w
is a superp
three bit sy

Lg © the bs
illumination

osition of Lg and Lg7: Ly=Lr+*Lg7. Lg7 is usually the brightest gray
stem.

ckground~(“B” is for background) is a superposition of the reflected
and thexdisplay luminance in the lowest gray scale: Lg=Lg+Lgo.

Procedure

forHigh Ambient Contrast: Contrast is computed from the display

ecified gray scale “i” emissive legend luminance measured in dark 3
with the backlight set to thesappropriate level for that viewing angle

nite display luminance. measured in the specified high ambient cong

F 2. This method is preferred for segmented displays. The white-fi¢ld refers to the
ited segment and the black field refers to the adjacent background.

the photometer on the white field. Measure the luminance, Ly, of the white field.

the black field.

specified incident
ight set to
bflected light.

mbient conditions
. “E” refers to

itions. This value
scale value in an

ambient

and background

luminances which are described in the previous section.

,_
=

Contrast ratio = CR =

—
w

LW_LB

Contrast = = CR-1

(Eq. 45)

(Eq. 46)
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4.3.6 Reflectance:

4.3.6.1 Scope: This section contains procedures for acquiring data to evaluate the specular and diffuse
reflectance. For simplicity, the data in these procedures is assumed to be taken photopically
rather than spectrally.

NOTE: When switching between the UUT and the reflectance standard measurements in the
following procedures, do not readjust the light source or photometer. In both test

prd

co

4.3.6.2 Specular R

4.3.6.2.1 Scope:

white clo

direction

consist o
including

that can
specular

4.3.6.2.2 Equipme

1. Anilllminated white diffuse target'such as a white reflective surface or a
spheifle. A stable, broadband light source capable of providing at least 15
temperature approximating.that of daylight should be used to illuminate t

2. Spot photometer. The photometer's measurement aperture should be as
but smaller than the LCD and the reflected white image (minimum of 1/2
the LED).

3. A spgcular reflectance standard (see 3.3.4.2).

4. A goniometerto locate the UUT at 30° to the photometer.

q

N

cedures no power Is applied to the UUT because these are tests of
Ntrast.

eflectance:

bpecular reflectance for displays occurs when light from’a specific s
id, is incident upon the display face and is reflectedto the viewer in
like a mirror would reflect incident light. For an LCD, the specular re
more than just the front surface of the cover'glass. LCDs have oth
polarizers, bus line connections in the liquid crystal cell, and other
cause specular reflections. The sum of«all these reflections make u
reflection. This procedure covers multiple surface (or total) specula

nt:

Feflectivity and not

ource, such as a
h single (specular)
pflection can

ler surfaces

jlass interfaces
p the "total"
r reflections.

n integrating

00 fc, with a color
he white target.
large as possible,
in as viewed on
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4.3.6.2.3 Setup:

1.

The photometer, UUT (or reflectance standard), and white diffuse target should be set up

as in Figure 9 or Figure 10. The angle, q, between the normal of the test display and the
incident light rays coming from the white diffuse target and display normal and the optical
path of the photometer should be about 30°. The light path from the diffuse reflectance
target to the UUT to the photometer lens lies on one plane; this plane should be horizontal
to simplify the test. In Figure 9 the angle between the surface of the diffuse reflectance

targe
close
reasd
from
Turn
diffus
lumin
With

stand
in vie
targe
The |
white
Wher

so that stray light is not directly ingidént in the photometer’s optics. This

caref

and the depicted optical path ray to the specular reflectance stan
to 90°. This is done in order to reduce lambertian reflection erfors.
n the incident angle of the light source to the diffuse target should b
he surface of the diffuse target.

DN the light source. The light source is adjusted such that the illumin
e target has no discernible hot spot; that is the ratig-ofithe maximur
ance must be not greater than 1.5:1.
he illuminated white diffuse target aligned with the test item (UUT d
ard), the photometer is aligned so that the reflected image of the wh
v and focused. The point of measurementshould be at the center ¢
's image on both the reflectance standard and the UUT.

hrgest dimension of the photometer’siaperture should be less than
diffuse target’'s smallest dimension.

using a reflectance target, careyshould be taken in the placement

Il lamp position and the use-of light baffles.

ard should be
For the same
b greater than 60x

ation on the white
n to minimum

r reflectance

te diffuse target is
f the white diffuse
bne third of the

pf the light source
can be done with
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White Diffuse Target Light Source

Normal

.
Specular
Reflectance Standard
or Unit Under Test
Photometer

FIGURE 9 - Reflectance Setup
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Integrating Sphere
Light Source

Normal
Specular

Reflectance Standard
or Unit Under Test

Phofometer

FIGURE 10 - Alternate Setup

4.3.6.2.4 Procedure:

=

Placq the speeular reflectance standard in the measuring position.
2. Meaduresand record the luminance, Lgg, of the white diffuse target by measuring the
luminghce of the reflected image. Calculate the luminance of the white diffuse target, Lg,
from the known specular reflectance of the standard, r.

L
L= 28 (Eq. 47)
r
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4.3.6.2.4 (Continued):

3. Remove the reflectance standard and replace it with the UUT. This is done by moving the
display until the front surface of the display lies in the same plane as that of the reflectance
standard. Make sure that power to the UUT is off. Now, while viewing through the
photometer’s optics, adjust the position of the UUT until the reflected image of the white
diffuse target is the same as the reflectance standard. When viewing the display through
the photometer, multiple reflected images may appear as illustrated in Figure 11. Position
the display so the measuring aperture is totally inside the central brightest image

compfrising all of the reflections. It is at this point in the procedure that-th
selection is verified correctly for at very large incident angles the ovettap

reflegtance becomes small. The calibration procedure in Step 2 may’ha

Difluse Reflettance
Target

<

e aperture

ping image
e to be repeated.

&=

Light Source

Viewing
Optics

FIGURE 11 - Multiple Images

1. Record the luminance of the reflected image off of the UUT as LSUUT.
2. Calculate the total specular reflectance using Equation 48.

L
uuT —

SUUT
L

R

S

(Eq. 48)
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4.3.6.3 Diffuse Reflectance Measurement:

4.3.6.3.1 Scope: This procedure defines how to measure diffuse reflectance which are all reflectances
that are not specular. Diffuse reflectance degrades the readability in transmissive displays but
it is utilized in reflective or transflective displays to enhance readability.

NOTE: This procedure attempts to reduce the effects of diffraction anomalies that occur when
the incident illumination is aligned with pixel structures by moving the incident light out

(@)

U
q

o

4.3.6.3.2 Equipme
1. Spot

2. Diffug

3. High
4.3.6.3.3 Setup:

1. Posit
2. Posit

T alignment with these structures. The equipment setup Is selecte
nwanted specular reflectances and to mimic the sun’s orientationtg
rientations (such as referenced in MIL-L-85762) can be proven‘equ
e used in place of this.

nt:
photometer

e reflectance standard
ntensity light source with a color temperature between 4500 and 6

on the light source as shown inckigure 12. Other angles may be re
on the photometer along thenormal to the measurement plane.

to minimize
the UUT. If other
ivalent they may

D00 K.

quired.
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-
=
S
o
3
@
]
-
Light
ource [

=

| Vertical Display \Axis

I

|

|

| /30°

|

| o( . > . .

45 Horizontal Display Akis
|
A

FIGURE 12 - Diffuse Reflectance Setup
4.3.6.3.4 Procedure:

a. Placq the diffuse reflectance standard in the measurement position and focus the
photdmeter on_its-surface.

b. Apply power to-light source and adjust the illumination level to at least 2Q00 fc. Record the
illumipationevel, Lpr after the lamp has stabilized.

c. The refleetance standard surface shall then be replaced by the display sprface in the
measurementplane-by-movingthe displayuntibitis focused-inthe photometer’s optics.
Measure and record the luminance, LpyyT-

d. Compute the diffuse reflectance.

— DUUT (Eq 49)
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4.3.7 Line Profile and Line Width:

4.3.7.1 Scope: This procedure measures the luminance profile of a straight line drawn at any angle (f)
on the UUT using a photometer’s slit aperture. This aperture “looks at” less than two display
elements in the direction of the measurement scan and multiple display elements along the
length of the line. The resultant data from a single scan represents the spatial distribution of the
line’s luminance profile from which anti-aliasing algorithms may be evaluated or line width
calculated. By repeatedly scanning the profile along the length of the line, the line luminance

uniformity

4.3.7.2 Equipment

an be evaluated.

eter with slit aperture.

width of the measuring aperture should be less than half of the wid
hsured but larger that the smallest dimension of aldisplay element f
length of the measuring aperture should be at least 5 times its widt
s the smallest dimension of a display elementfrom the UUT. (This

th ratio comes from product literature).

Nis procedure, the long (major) axis of the'slit is assumed to be hori
endent on the individual photometer.5The procedure should be adj
ending on the orientation of the slit'aperture. The angle f is measur
the positive direction in the counter-clockwise direction.

2. Goniometer (q,f ,X,y,2)

1. Photon
a. The
me

b. The
timg

wid

c. Int
dep

dep

with

a. The
slit

b. The
the

tha

c. An
uu

on {

4.3.7.3 Setup:

f axis is a rotation aboutthe display “normal” and will be used to al
aperture with the direction’ of the line drawn on the display.

Type A goniometéer)by rotating the vertical axis, V5, 90° and mount
the display and-H, axis are now aligned.

hlternate arrangement for Types A and B goniometers would be to
[ or photometer in a goniometric cradle that could align the slit ape
he UUT-

h of the line being
rom the UUT.

N but less than ten
minimum length to

zontal but is

Listed accordingly
ed from horizontal

ign the measuring

same rotation cannot be achieved on the Type B goniometer but mpay be realized on

ng the UUT such

mount either the
ture with the line

1. Mount the UUT on the goniometer, power up the unit, and allow the backlight to stabilize with
some arbitrary pattern displayed on the UUT. The pattern should include a horizontal (f =0°)
line.

Check this by aligning and focusing the photometer on a horizontal line.

Select photometer’s aperture and lens combination to achieve the required dimensions.
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Direcioh of Lateral Displacement

4.3.7.4 Procedure;

Selected Color Grouy
Starting.Position

Direction o Line Scan

at

Element
Pitch (minmum
resaution)

FIGURE 13 - Line Profile Setup

line, atf degrees, on the UUT.
h thesmeasuring aperture on either side of but outside of the line to b

e measured. The

n-o0f movement will be away from this initial position toward the oppjpsite side of the

1. Draw a
2. Positio
directio
line.
3.
4,
move.
5. Repeat

Measure luminance and distance the line (or photometer) is displaced.
Move the line or photometer the minimum step size that the line can be programmed to

steps 3 and 4 until the whole line has been scanned.

6. For line luminance uniformity reposition the measurement aperture along the length of the
line a minimum distance equal to the length of the measurement slit and repeat steps 2
through 5. Continue to do this until a repeating pattern is obtained.
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Spatial Distribution of Luminance
Across a Line
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FIGURE 14 ~Typical Line Profile Data
4.3.7.5 Analysis:

1. There gre several methods for the analysis of the data. Typically the data |s analyzed
statistigally for a fit to\a-desired profile or from the gray level and the line’s pngular position.
Due to the many pessible variations used for requirement verifications, defails of specific
analysip technigques are not provided. The analysis here will evaluate line width as defined by
the 50% luminance point. Refer to Figure 15.

2. Line wiglth isJdetermined from an individual line profile data. Plot a luminarce profile like that
shown -Eigure-14 from-the datagathered-in-steps-1 through-7-

3. Connect the data points with straight line segments as shown in Figure 15.

4. Determine the 50% luminance level from the highest luminance measured in the profile and
draw a line through the curve intersecting both slopes.

5. Extend vertical lines from the intersected slopes to the Displacement axis and note the
positions (d4, d5) on the axis.

6. Calculate the line width as the difference between d, and d;.
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Analysis of Line Profile
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FIGURE, 15:= Calculating Line Width

4.3.8 Crosstalk:

4.3.8.1 Scope: Thjs procedure willvisually test for cross coupling of electrical signals between elements
of the display. This will provide an equation to compute a value for crosstalk and also give a
quantitative value for crosstalk.

4.3.8.2 Equipment

Photometet

4.3.8.3 Setup:

1. The test pattern described in Figure 16 needs to be generated and displayed over the entire

active area on the UUT. The section marked B in this figure should be 5 to 10% of the display

area and centrally located. This test should be performed in a dark room to aid in the

detection of low level luminance differences.

The luminance of the UUT should be set to maximum for this test.

3. Binary (white/black) displays can only use Cases 1 and 3 (see Table 1). Gray scale capable
displays should use a mid-level gray level in Cases 2 and 4. A mid-level gray level is one
where the voltage at the element is tuned to approximately half of the maximum brightness.

N
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FIGURE 16 - Crosstalk Test\Rattern

TABLE 1 - Crosstalk’Setup Patterns

Display Area Display Area Display Area

Case A B C
1 “white” “black” “white”
2 “gray” “black” “gray”
3 “Black” “white” “black”
4 “gray” “white” “gray”

4.3.8.4 Procedure;

1. Display the'appropriate pattern described in Figure 16 on the display. Meadsure the display
luminances in Display Areas A and C whife staying within the Design Viewing Envelope.

2. If one or more of the regions marked “C” in Figure 17 is a different brightness than the
regions marked “A”, then the display is said to exhibit crosstalk. Record the worst case
measurement.

3. The percent crosstalk is calculated from the data collected in the preceding paragraphs and
the following equation:

_ |LA_LC| .
%Crosstalk = 100 (Eq. 50)
L,+Le
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FIGURE 17 - UUT Showing Crosstalk

4.3.9 Gray Scale:
4.3.9.1 Scope: Thjs procedure provides a method to measure gray scale performance over the DVE.
4.3.9.2 Equipment

1. Spot photometer
2. Goniometric positioning equipment

4.3.9.3 Setup:

1. Align apd focus the photometer to an area on the UUT having the desired gray scale level.
2. Allow the UUT’s'backlight to stabilize.

4.3.9.4 Procedure;

Move the UUT or the photometer to the initial measurement angle.

Command the area to be measured to a gray level.

Measure and record the area luminance of that gray level.

Repeat steps 2 and 3 for all gray levels of the primary colors.

If more viewing angles are required, move to the next measurement angle and repeat steps 2
through 4.

The data collected from the previous steps may be used to determine linearity and DVE gray
scale performance.

arwNE

o
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4.4 Color:

4.4.1 Spectroradiometric Measurements:

4411

4.4.1.2

4413

Gray Scale Separation
By Linear Brightness
100 =3t
P
I < L
g
o 10 :
Py e
E ¥
3 ?
- 1
0 + t t + |
0 3 6 9 12 15
Gray Scale

FIGURE 18 - Gray Scale Linearity

Scope: Thjs procedure describes how to determine the chromaticity of a disply by measuring
its spectral|distribution.

Equipment
1. Spot spectreradiometer system (see 3.4.2.2)

2. Ambient'iflumination (see 4.3.3 if required).
3. Positioning equipment when multiple locations or angles are required.

Setup:

1. The UUT will be set up to display a sufficiently large field (at least 25% greater than the
largest aperture dimension) of the required color(s). Allow the UUT to warm up and stabilize
the color of the display.

2. The spectroradiometer shall be set up to measure an area such that the minimum dimension
of the measuring aperture covers at least 10 pixels. The measuring aperture should be
sufficiently large so that the ratio of the active to inactive element areas (and thus color)
within the aperture becomes essentially constant.

3. Set up ambient lighting to illuminate the display surface (if required).
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44.1.4

4.4.2 Colorimeter

4421

4.4.2.2

4.4.2.3

Procedure:

=

Select a field of color to measure.

2. For each color reading, align and focus the spectroradiometer relative to the UUT at the
locations and angles required.

3. Measure and record the area color. Itis recommended to take several readings and compute
the average of those readings.

4. Repeat steps 1 through 3 as needed over the DVE.

Scope: Th

with a filter

Equipment

1. Filterc

2. Ambier

3. Positio

Setup:

1. The UU
largest
the colq

2. Thesp
of the n
sufficie
within t

3. Setup

Vleasurements:

s procedure describes how to determine the tristimulus valuesland
colorimeter.

plorimeter. See equipment manufacturer for tristimulus calibration.
tillumination (see 4.3.3 if required).
ning Equipment when multiple locations or-angles are required.

T will be set up to display a sufficiently large field (at least 25% gre
aperture dimension) of the required colors. Allow the UUT to warm
r of the display.

bctroradiometer shall be'set up to measure an area such that the m
neasuring aperture covers at least 10 pixels. The measuring apertt

he aperture becames essentially constant.
ambient lighting to illuminate the display surface (if required).

color coordinates

ater than the
up and stabilize

nimum dimension
re should be

htly large so that the'ratio of the active to inactive element areas (and thus color)

-55 -



https://saenorm.com/api/?name=2c487bb3d10ea32838741d55846931f9

SAE ARP4260

4.42.4

Procedure:

=

Command the UUT to display the desired color.

2. Measure and record the colorimeter data that includes the luminance (Y). Some colorimeters
automatically compute the chromaticity values (u’,v’) and display the results while with other
colorimeters the chromaticity is computed from the measured and corrected tristimulus
values (X,Y,Z) as shown in the equations. For more information on tristimulus values and
chromaticity see references or 3.4.3.1.

4.4.3 Color Compa

443.1

4.4.3.2

44321

Scope: Th

4X

U4 = ———
X+15Y+3Z

QY
X+15Y+3Z
irison Calculations:

ere are several ways to quantify the difference between any two co

two color measurements) but only three methods will be .described in this doct

parameters
Procedure;

Total Col
two color|

where:

L*

needed for the various color difference methods are Y, u'j, and v

br Difference, DE*: The total color difference equation (DE*) is usec
5 by computing the distance between them in the three dimensional

b+ = DLZ + Du?+ Dv’2

M d Luminar 0
L 116 &;&/ easure umina 069 f
; Y
e n %]

for measured luminances > 1 fL

L* = 9.03 x Measured Luminance

for measured luminances < 1 fL

u*=13L* (u' - u'))

v¥=13L* (v'- V')

(Eq. 51)

(Eq. 52)

ors (in this case
ment. The

to compare any
space (L*, u*, v¥).

(Eq. 53)

(Eq. 54)

(Eqg. 55)

(Eqg. 56)

(Eq. 57)
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4.4.3.2.1 (Continued):

* = lightness of the measured color normalized to an object color stimulus (Y},

u*, v*

= coordinates in the CIELUV uniform color space

u'n, V', = chromaticity of the object color stimulus

CIE llluminant Dgg = generally used for the object color stimulus, if not otherwise specified

inar

Du* 5

Dv*

4.4.3.2.2 Chroma,
stimulus
target ch

4.4.3.2.3 Chroma
are supp

4.5 Temporal:
45.1 Response Ti

45.1.1 Scope: Th

pgquirements document Y, = 100 in the units of luminance
difference between two measured u* values
difference between two measured v* values
C*: The chroma equation is used to compare a nmieasured color to
omaticity.

Cr, = 18Lr [(u—u )P + (v )]

Difference, DC*: The chroma diffetence equation is used to compa
psedly identical. Chroma differénce is often used in specifying colo

DC* = VDu? +Dv’>

Mme:

s section-describes two methods to evaluate the temporal response

is the integ
general te

same test

analysis.

ationd{method (specified in ARP4256) and the other is the10 to 909

pbject color

U'n, V'n)- In some instances, colors are specified using chroma with u’,, v',, being the

(Eq. 58)
e two colors that

r uniformity.

(Eg. 59)

of a display. One
b method (a more
b essentially the

haique used in the commercial display industry). Both methods us

a reduction and

The display’s response time is dependent on its temperature. Therefore, the display temperature
should be recorded with the data.
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45.1.2 Equipment:

1. A photo detector (or photometer). The detector must have a spectral response limited to the
visible range. The acceptance angle of the detector should be 3° or less. The detector

should have an electro-optic response faster than t,/(4N) where t, is the update period and N
is the number of data points (minimum of 10). Therefore, the minimum response time of the
detector is t,,/40.
Storage oscilloscope or an acquisition system capable of storing digitized waveforms

display

4.5.1.3 Setup:

1.

N

Definiti
L. =co
LtO =in
L(t) = d
to = st

t, = data update period

The UUT and test equipment is assumed to be'on and warmed up.
Focus the photometer or place the photo detector on the display to be med
measufement is made normal to the display. The area measured should 4
pixels) fo reduce scatter.

ng voltage versus time.

DNS:

mmanded display luminance
tial display luminance

splay luminance as a function of time after command to change lun
t of the update period

ninance.

isured. This
e small (<10

Connect the analog output from the.photodetector (or photometer video oufput) to the vertical

input of the oscilloscope and adjust-the vertical gain and the timebase con

station
single ¢
Adjust
oscillos
UUT to
Set the

Iuminamce equates to the “100%" level on the oscilloscope’s display.

Repea
calcula

vent and will vary fordifferent display temperatures.)

he vertical positian)so that the luminance equates to the “0%” level
cope’s display. ‘The ty luminance level (L;g) must be determined by
the Ly level:
display tol:;. Adjust the vertical gain of the oscilloscope so the stg

ngsteps 5 and 6 may be required to obtain the proper oscilloscops
iom

rols to obtain a

ry waveform similar to the one shown in Figure 19. (The waveform shown is for a

on the
commanding the

ady state

display for

Adjust

he direction and sensitivity of the trigger such that a very small cha

nge in luminance

triggers a trace on the oscilloscope. As an alternative, an external trigger to the oscilloscope
may be used: one that is applied when the display under test changes data.
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4.5.1.4 Procedures
oscilloscop

45.1.4.1 Data Col
states be
the type
451411 OffSta

1. For

¢
-
H
+
¢
v
¢
3
»
¢

TEREENUTE FRNT1 IH1 Fu s NTREIN

A lypical LCD respanse function displayed on an
oscilloscope screen.

FIGURE 19 - Off to ©n Response Time (L. > L)

5 This section shows a lack’of detail in the procedures because of
e and digitizer controls.

ection: Responsé time data should be collected for both the Off to
cause there could be a large difference between the two parameter
pf display and-operating temperature of the UUT.

e to On-State:

coflecting the data, the recommended technique is to have the disy

the variation in

On and On to Off
s depending upon

lay driver toggle

between commanded Ly, and L at rate of (10t,) - Hz. The rate shoul
so that the display can reach the commanded luminance.
2. While the driver is free-running as described in step 1, select a positive trigger to capture

the

Lo to L. part of the waveform. See Figure 19, where L. > Lyg .

45.1.4.1.2 On State to Off State:

be slow enough

1. For collecting the data, the recommended technique is to have the display driver toggle
between commanded L, and L, at rate of (10t,)™* Hz. The rate should be slow enough
so that the display can reach the commanded luminance.

2. While the driver is free-running as described in step 1 then select a negative trigger to
capture the Lg to L. part of the waveform. See Figure 20, where Lo > L.
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